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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a piezoelectric acoustic component witli a 
fiigli production efficiency, an excellent acoustic transudation efficiency, 
configured to be small in size and having an excellent shock-resistance. 
SOLUTION: A uni-morph diaphragm 1 is configured by adhering a rectangular 
piezoelectric element 2 to a rectangular metallic plate 3, both ends of the digital 
signal 1 in the length direction are supported by a support section 4c formed to 
the inside of two opposed side walls 4b of a case 4 and a gap between the 
remaining two sides of the diaphragm 1 and the case 4 is sealed by an elastic 
seal member 6. The case 4 is adhered to a base 10 having external electrodes 
13, 14, the metallic plate 3 is connected to the external electrode 13 with 
conductive paste 15 with elasticity and a surface electrode 2a of the piezoelectric 
element 2 is connected to the external electrode 14 with conductive paste 16 with 
elasticity. Thus, the connection reliability between the diaphragm 1 and the 
external terminals 13, 14 or the base 10 can be enhanced against shock. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezo-electric diaphragm of the square which the 1st and 2nd 
diaphragm electrode is exposed to the one side side of both ends, and vibrates in 
die-length bending mode. The insulating case which has the upper wall section 
and the four side-attachment-wall sections, and has a supporter inside the two 
side-attachment-wall sections which counter, Have the 1st and the plate-like 
substrate with which the 2nd external electrode was formed, and the above- 
mentioned diaphragm is contained so that the field which the 1st and 2nd 
diaphragm electrode exposes in a case may turn to the upper wall section and 
the opposite side of a case. Two sides which a diaphragm counters are 
supported with supporting material to the above-mentioned supporter, and the 



closure of the clearance between remaining two sides and cases of a diaphragm 
is carried out with an elastic sealing agent. While sound space is formed between 
a diaphragm and the upper wall section of a case and the side-attachment-wall 
section opening edge of the above-mentioned case pastes up on the above- 
mentioned substrate They are the piezo-electric sound components 
characterized by for the 1st diaphragm electrode of the above-mentioned 
diaphragm being electrically connected with the 1st external electrode by 
electroconductive glue with elasticity, and the diaphragm electrode of the above 
2nd being electrically connected with the 2nd external electrode by 
electroconductive glue with elasticity. 

[Claim 2] The piezo-electric diaphragm of the square which the 1st and 2nd 
diaphragm electrode is exposed to the one side side of both ends, and vibrates in 
area crookedness mode, The insulating case which has the upper wall section 
and the four side-attachment-wall sections, and has a supporter inside the four 
side-attachment-wall sections, Have the 1st and the plate-like substrate with 
which the 2nd external electrode was formed, and the above-mentioned 
diaphragm is contained so that the field which the 1st and 2nd diaphragm 
electrode exposes in a case may turn to the upper wall section and the opposite 
side of a case. While four sides of a diaphragm are supported with supporting 
material to the above-mentioned supporter, sound space is formed between a 
diaphragm and the upper wall section of a case and the side-attachment-wall 
section opening edge of the above-mentioned case pastes up on the above- 
mentioned substrate They are the piezo-electric sound components 
characterized by for the 1st diaphragm electrode of the above-mentioned 
diaphragm being electrically connected with the 1st external electrode by 
electroconductive glue with elasticity, and the diaphragm electrode of the above 
2nd being electrically connected with the 2nd external electrode by 
electroconductive glue with elasticity. 

[Claim 3] And it is the uni-morph mold piezo-electricity diaphragm which while is 
supported by the supporter of a case and the piezoelectric device pasted up on 



the location which inclined at the side side, the above-mentioned diaphragm - 
one side of a metal plate ~ While the electrode of one side of a piezoelectric 
device exposed outside constitutes the 1st diaphragm electrode It is the piezo- 
electric sound component according to claim 1 or 2 characterized by preparing 
the outcrop of a metal plate in the other side side of the field which the 
piezoelectric device of the above-mentioned diaphragm pasted up, for this 
outcrop constituting the 2nd diaphragm electrode, and for the above-mentioned 
diaphragm turning that metal plate to the upper wall section side of a case, and 
being attached in a case. 

[Claim 4] For the electroconductive glue with the above-mentioned elasticity, the 
Young's modulus after hardening is 1x105 - 2x109 N/m2. Piezo-electric sound 
component according to claim 1 to 3 characterized by being electroconductive 
glue. 

[Claim 5] The supporting material which supports two sides which the above- 
mentioned diaphragm counters to the above-mentioned supporter is piezo- 
electric sound components given in either of claims 1 , 3, and 4 characterized by 
consisting of same ingredients as an elastic sealing agent. 
[Claim 6] The process for which the piezo-electric diaphragm of the square which 
the 1st and 2nd diaphragm electrode is exposed to the one side side of both 
ends, and vibrates in die-length bending mode is prepared. The process for 
which the insulating case which has the upper wall section and the four side- 
attachment-wall sections, and has a supporter inside the two side-attachment- 
wall sections which counter is prepared, The 1st and the process for which the 
plate-like substrate with which the 2nd external electrode was formed is prepared. 
While supporting two sides which it contains so that the field where the 1st and 
2nd diaphragm electrode exposes the above-mentioned diaphragm in a case 
may turn to the upper wall section and the opposite side of a case, and a 
diaphragm counters with supporting material to the above-mentioned supporter 
The process which closes the clearance between remaining two sides and cases 
of a diaphragm with an elastic sealing agent, and forms sound space between a 



diaphragm and the upper wall section of a case, The process which applies 
continuously the electroconductive glue which has elasticity from the 1st 
diaphragm electrode of the above-mentioned diaphragm to the side-attachment- 
wall section opening edge of a case, The process which applies continuously the 
electroconductive glue which has elasticity from the 2nd diaphragm electrode of 
the above-mentioned diaphragm to the side-attachment-wall section opening 
edge of a case. The process which applies insulating adhesives to the above- 
mentioned substrate top face or the side-attachment-wall section opening edge 
of the above-mentioned case, The process which connects the 1st diaphragm 
electrode, the 1st external electrode and the 2nd diaphragm electrode, and the 
2nd external electrode mutually with electroconductive glue at the same time it 
pastes up the side-attachment-wall section opening edge of a case with 
insulating adhesives on the above-mentioned substrate. The manufacture 
approach of piezo-electric sound components equipped with the process which 
makes coincidence harden the above-mentioned insulating adhesives and 
electroconductive glue. 

[Claim 7] The process for which the piezo-electric diaphragm of the square which 
the 1st and 2nd diaphragm electrode is exposed to the one side side of both 
ends, and vibrates in area crookedness mode is prepared. The process for which 
the insulating case which has the upper wall section and the four side- 
attachment-wall sections, and has a supporter inside the four side-attachment- 
wall sections is prepared, The 1st and the process for which the plate-like 
substrate with which the 2nd external electrode was formed is prepared. It 
contains so that the field where the 1st and 2nd diaphragm electrode exposes 
the above-mentioned diaphragm in a case may turn to the upper wall section and 
the opposite side of a case. The process which supports four sides of a 
diaphragm with supporting material to the above-mentioned supporter, and forms 
sound space between a diaphragm and the upper wall section of a case. The 
process which applies continuously the electroconductive glue which has 
elasticity from the 1st diaphragm electrode of the above-mentioned diaphragm to 



the side-attachment-wall section opening edge of a case, The process which 
applies continuously the electroconductive glue which has elasticity from the 2nd 
diaphragm electrode of the above-mentioned diaphragm to the side-attachment- 
wall section opening edge of a case, The process which applies insulating 
adhesives to the above-mentioned substrate top face or the side-attachment-wall 
section opening edge of the above-mentioned case. The process which connects 
the 1st diaphragm electrode, the 1st external electrode and the 2nd diaphragm 
electrode, and the 2nd external electrode mutually with electroconductive glue at 
the same time it pastes up the side-attachment-wall section opening edge of a 
case with insulating adhesives on the above-mentioned substrate, The 
manufacture approach of piezo-electric sound components equipped with the 
process which makes coincidence harden the above-mentioned insulating 
adhesives and electroconductive glue. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo-electric sound component 



and its manufacture approaches, such as a piezo-electric buzzer and a piezo- 
electric earphone. 
[0002] 

[Description of the Prior Art] Conventionally, in electronic equipment, home 
electronics, a portable telephone, etc., piezo-electric sound components are 
widely used as the piezo-electric buzzer which generates an alarm tone and a 
sound of operation, or a piezo-electric earphone. Its thing of the structure which 
closed opening of a case with covering (not shown) is common while this kind of 
piezo-electric sound components stick a circular piezoelectric device on one side 
of a circular metal plate, constitute a uni-morph mold diaphragm, and silicone 
rubber is used for them and they support the periphery section of a metal plate in 
a circular case. However, when the circular diaphragm was used, there was a 
trouble that productive efficiency was bad and it was difficult for sound 
conversion efficiency to constitute low and small. 

[0003] Then, these people are using a square diaphragm and proposed the 
piezo-electric sound components which enabled improvement in productive 
efficiency, the improvement in sound conversion efficiency, and a miniaturization 
(Japanese Patent Application No. No. 293204 [ 1 1 to ]). The diaphragm with 
which this piezo-electric sound component stuck the square piezoelectric device 
on one side of a square metal plate, The insulating case which has the upper 
wall section and the four side-attachment-wall sections, and has a supporter 
inside the two side-attachment-wall sections which counter. It has the 1st and the 
plate-like substrate with which the 2nd external electrode was formed. In a case, 
a diaphragm is contained, two sides and supporter with which a diaphragm 
counters are fixed with supporting material, the closure of the clearance between 
remaining two sides and cases of a diaphragm is carried out with an elastic 
sealing agent, and sound space is formed between a diaphragm and the upper 
wall section of a case. And while the side-attachment-wall section opening edge 
of a case pastes up on a substrate, a metal plate is electrically connected to the 
1 st external electrode, and the electrode of a piezoelectric device is electrically 



connected to the 2nd external electrode. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the surface mount by reflow 
soldering has become common and the subassembly by the machine is in use in 
current and electronic parts, to also constitute piezo-electric sound components 
in a surface mount mold is desired. For that purpose, it is desirable to connect 
the external electrode of a diaphragm and a substrate electrically using 
electroconductive glue. However, when the electroconductive glue of the epoxy 
system currently generally used was used, there was a case where a sound 
pressure property and engine performance sufficient in respect of shock 
resistance were not obtained. That is, if in the case of pocket devices, such as a 
portable telephone, it may be made to fall accidentally, a big impact load may be 
added and epoxy system electroconductive glue is used, according to an impact 
load, a crack will enter and between the external electrodes of a diaphragm and 
a substrate will be disconnected. 

[0005] Then, it is to obtain the piezo-electric sound components excellent also in 
shock resistance while the purpose of this invention has high productive 
efficiency, and its sound conversion efficiency is good and can constitute it small. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
invention according to claim 1 The piezo-electric diaphragm of the square which 
the 1st and 2nd diaphragm electrode is exposed to the one side side of both 
ends, and vibrates in die-length bending mode. The insulating case which has 
the upper wall section and the four side-attachment-wall sections, and has a 
supporter inside the two side-attachment-wall sections which counter. Have the 
1st and the plate-like substrate with which the 2nd external electrode was formed, 
and the above-mentioned diaphragm is contained so that the field which the 1st 
and 2nd diaphragm electrode exposes in a case may turn to the upper wall 
section and the opposite side of a case. Two sides which a diaphragm counters 
are supported with supporting material to the above-mentioned supporter, and 



the closure of the clearance between remaining two sides and cases of a 
diaphragm is carried out with an elastic sealing agent. While sound space is 
formed between a diaphragm and the upper wall section of a case and the side- 
attachment-wall section opening edge of the above-mentioned case pastes up on 
the above-mentioned substrate The piezo-electric sound components 
characterized by for the 1st diaphragm electrode of the above-mentioned 
diaphragm being electrically connected with the 1st external electrode by 
electroconductive glue with elasticity, and the diaphragm electrode of the above 
2nd being electrically connected with the 2nd external electrode by 
electroconductive glue with elasticity are offered. Moreover, the piezo-electric 
diaphragm of the square which the 1st and 2nd diaphragm electrode exposes 
invention according to claim 2 to the one side side of both ends, and vibrates in 
area crookedness mode, The insulating case which has the upper wall section 
and the four side-attachment-wall sections, and has a supporter inside the four 
side-attachment-wall sections, Have the 1st and the plate-like substrate with 
which the 2nd external electrode was formed, and the above-mentioned 
diaphragm is contained so that the field which the 1st and 2nd diaphragm 
electrode exposes in a case may turn to the upper wall section and the opposite 
side of a case. While four sides of a diaphragm are supported with supporting 
material to the above-mentioned supporter, sound space is formed between a 
diaphragm and the upper wall section of a case and the side-attachment-wall 
section opening edge of the above-mentioned case pastes up on the above- 
mentioned substrate The piezo-electric sound components characterized by for 
the 1st diaphragm electrode of the above-mentioned diaphragm being electrically 
connected with the 1st external electrode by electroconductive glue with elasticity, 
and the diaphragm electrode of the above 2nd being electrically connected with 
the 2nd external electrode by electroconductive glue with elasticity are offered. 
Moreover, the process for which the piezo-electric diaphragm of the square 
which the 1st and 2nd diaphragm electrode exposes invention according to claim 
6 to the one side side of both ends, and vibrates in die-length bending mode is 



prepared, The process for which the insulating case which has the upper wall 
section and the four side-attachment-wall sections, and has a supporter inside 
the two side-attachment-wall sections which counter is prepared. The 1st and the 
process for which the plate-like substrate with which the 2nd external electrode 
was formed is prepared, While supporting two sides which it contains so that the 
field where the 1st and 2nd diaphragm electrode exposes the above-mentioned 
diaphragm in a case may turn to the upper wall section and the opposite side of a 
case, and a diaphragm counters with supporting material to the above-mentioned 
supporter The process which closes the clearance between remaining two sides 
and cases of a diaphragm with an elastic sealing agent, and forms sound space 
between a diaphragm and the upper wall section of a case. The process which 
applies continuously the electroconductive glue which has elasticity from the 1st 
diaphragm electrode of the above-mentioned diaphragm to the side-attachment- 
wall section opening edge of a case. The process which applies continuously the 
electroconductive glue which has elasticity from the 2nd diaphragm electrode of 
the above-mentioned diaphragm to the side-attachment-wall section opening 
edge of a case. The process which applies insulating adhesives to the above- 
mentioned substrate top face or the side-attachment-wall section opening edge 
of the above-mentioned case. The process which connects the 1st diaphragm 
electrode, the 1st external electrode and the 2nd diaphragm electrode, and the 
2nd external electrode mutually with electroconductive glue at the same time it 
pastes up the side-attachment-wall section opening edge of a case with 
insulating adhesives on the above-mentioned substrate. The manufacture 
approach of piezo-electric sound components equipped with the process which 
makes coincidence harden the above-mentioned insulating adhesives and 
electroconductive glue is offered. Furthermore, the process for which the piezo- 
electric diaphragm of the square which the 1st and 2nd diaphragm electrode 
exposes invention according to claim 7 to the one side side of both ends, and 
vibrates in area crookedness mode is prepared. The process for which the 
insulating case which has the upper wall section and the four side-attachment- 



wall sections, and has a supporter inside the four side-attachment-wall sections 
is prepared, The 1st and the process for which the plate-like substrate with which 
the 2nd external electrode was formed is prepared. It contains so that the field 
where the 1st and 2nd diaphragm electrode exposes the above-mentioned 
diaphragm in a case may turn to the upper wall section and the opposite side of a 
case. The process which supports four sides of a diaphragm with supporting 
material to the above-mentioned supporter, and forms sound space between a 
diaphragm and the upper wall section of a case. The process which applies 
continuously the electroconductive glue which has elasticity from the 1st 
diaphragm electrode of the above-mentioned diaphragm to the side-attachment- 
wall section opening edge of a case, The process which applies continuously the 
electroconductive glue which has elasticity from the 2nd diaphragm electrode of 
the above-mentioned diaphragm to the side-attachment-wall section opening 
edge of a case. The process which applies insulating adhesives to the above- 
mentioned substrate top face or the side-attachment-wall section opening edge 
of the above-mentioned case, The process which connects the 1st diaphragm 
electrode, the 1st external electrode and the 2nd diaphragm electrode, and the 
2nd external electrode mutually with electroconductive glue at the same time it 
pastes up the side-attachment-wall section opening edge of a case with 
insulating adhesives on the above-mentioned substrate, The manufacture 
approach of piezo-electric sound components equipped with the process which 
makes coincidence harden the above-mentioned insulating adhesives and 
electroconductive glue is offered. 

[0007] Since the piezoelectric device which constitutes a diaphragm is a square, 
even if it pierces a piezoelectric device from a green sheet, it is extracted, and 
can lessen dregs and its ingredient effectiveness is good. Moreover, since the 
activity of electrode formation, polarization, etc. can be performed in the state of 
a parent substrate, productive efficiency is good. Furthermore, in order to decide 
a dimension required in design with a parent substrate cut dimension, it does not 
need to create the punching metal mold of a green sheet like a disc-like 



piezoelectric device eacli time. Tliat is, since tine metal mold in punching of a 
green sheet - a parent substrate cut process, a fixture, a piezo electric crystal 
form, etc. can be lessened compared with the former, it is advantageous in 
respect of an investment frame and productive efficiency. 
[0008] Invention concerning claim 1 is an example suitable for the application as 
an earphone, and since it corresponds to the frequency of a large range, not only 
a resonance field but fields other than a resonance field are used. Two sides 
which a square-like diaphragm counters are supported with supporting material 
to the supporter of a case, and the clearance between remaining two sides and 
cases is closed with the elastic sealing agent so that it can displace, even if the 
vibrational energy of a diaphragm is comparatively small. A piezoelectric device 
will expand and contract in the predetermined direction, and if predetermined 
signalling frequency is inputted into two diaphragm inter-electrode of a 
diaphragm, according to this, a diaphragm will be deformed by flexion in die- 
length bending mode, at this time, a diaphragm vibrates up and down as a knot, 
and shows the both ends fixed to the case to (b) of drawing 1 ~ as - max ~ a 
variation rate ~ Point P exists along with the center line of the die-length direction 
of a diaphragm. In addition, by drawing 1 , in order to simplify explanation, the 
example of a uni-morph form diaphragm is shown, on the other hand ~ the case 
of a disc-like diaphragm ~ (a) of drawing 1 ~ like ~ a core ~ max ~ a variation 
rate - Point P exists. That is, in the case of a square-like diaphragm, the 
displacement volume becomes large compared with the conventional disc-like 
diaphragm. Since this displacement volume serves as energy to which air is 
moved, it can raise sound conversion efficiency. In addition, although the 
clearance between the crosswise both ends of a diaphragm and a case is closed 
with the sealing agent, since a sealing agent has elasticity, the variation rate of a 
diaphragm is not barred and sound pressure does not fall. Furthermore, although, 
as for a diaphragm, the die-length direction both ends are fixed, since a part in 
the meantime can be displaced freely, the sound of a low frequency can be 
obtained compared with a disc-like diaphragm. On the contrary, a dimension can 



be miniaturized if tine sound of tine same frequency is obtained. 
[0009] On the other hand, invention concerning claim 2 is an example suitable for 
applications, such as a sounder and a ringer, and since it corresponds to the 
amount of Oto in single frequency, it is used in a resonance field. In order 
enlarge vibrational energy of a diaphragm and to make it excite in area 
crookedness mode, it has structure which supported all four sides of a square- 
like diaphragm with supporting material to the supporter of a case, in addition, 
two diagonal line locations which area crookedness mode is a square with which 
a diaphragm contains a rectangle, and make the principal plane of a diaphragm - 
- max ~ it becomes a variation rate ~ as ~ that is, the intersection of the diagonal 
line - max - a variation rate ~ the whole area of a diaphragm carries out 
crookedness vibration in the thickness direction so that it may become an 
amount. 

[0010] In this invention, like elastic sealing agents, such as silicone rubber, as a 
supporting material, the Young's modulus in a hardening condition may be high 
like epoxy system adhesives, the edge of a diaphragm may be restrained 
strongly, and the Young's modulus in a hardening condition is low, and the 
restraint of a diaphragm is weak and may permit the variation rate of a 
diaphragm. 

[0011] Drawing 2 is the comparison Fig. showing the relation between the 
dimension of a circular diaphragm and a square diaphragm, and resonance 
frequency. The uni-morph mold diaphragm was used also in this case. In addition, 
in the comparison, 42nickel whose thickness is 50 micrometers as a metal plate 
was used using PZT whose thickness is 50 micrometers as a piezoelectric 
device. Moreover, die-length L of a square diaphragm and the ratio of width of 
face W were set to 1.67. If it is the same frequency so that clearly from drawing, 
a square diaphragm can make a dimension (die length, diameter) small 
compared with a circular diaphragm. On the contrary, a low frequency can be 
obtained if the dimension is the same. 

[0012] In this invention, adhesion immobilization of the case which fixed the 



diaphragm is carried out at a plate-like substrate. And the electroconductive glue 
in which the 1st diaphragm electrode has elasticity to the 1st external electrode 
of a substrate connects electrically, the electroconductive glue in which the 2nd 
diaphragm electrode has elasticity to the 2nd external electrode of a substrate 
connects electrically, and piezo-electric sound components are obtained. In 
addition, it can constitute in a surface mount mold by taking about the 1st and 
2nd external electrode prepared in the substrate to the rear face of a substrate. 
Since electroconductive glue has elasticity, even if it drops the device carrying 
these piezo-electric sound components accidentally and a big impact load is 
added, a crack does not enter but there is no possibility that between a 
diaphragm electrode and external electrodes may be disconnected. Moreover, 
since the Young's modulus after hardening of electroconductive glue is low, 
vibration of a diaphragm is not controlled and sound pressure does not fall. 
[0013] And while is supported by the supporter of a case and the uni-morph mold 
piezo-electricity diaphragm which the piezoelectric device pasted up is used for 
the location which inclined at the side side, claim 3 - like - as a diaphragm ~ 
one side of a metal plate ~ While the electrode of one side of a piezoelectric 
device exposed outside constitutes the 1st diaphragm electrode It is desirable to 
prepare the outcrop of a metal plate in the other side side of the field which the 
piezoelectric device of a diaphragm pasted up, and to constitute the 2nd 
diaphragm electrode, and for this outcrop to turn that metal plate to the upper 
wall section side of a case, and to attach a diaphragm in a case. Although the 
piezoelectric device of a diaphragm can also be turned and attached in the upper 
wall section side of a case, since the surface electrode and substrate of a 
piezoelectric device do not meet, it becomes difficult to connect the surface 
electrode of a piezoelectric device to the 2nd external electrode of a substrate in 
this case. On the other hand, if the metal plate of a diaphragm is turned to the 
upper wall section side of a case and it fixes, since the surface electrode and 
substrate of a piezoelectric device will meet, connection by the electroconductive 
glue of a surface electrode and the 2nd external electrode becomes easy. In 



addition, since tine outcrop of a metal plate is exposed to the one-side side of a 
diaphragm, connection between a metal plate and the 1st external electrode is 
also easy. 

[0014] Like claim 4, the Young's modulus after hardening is 1x105 - 2x109 N/m2 
as electroconductive glue with elasticity. If electroconductive glue is used, the 
effectiveness which was excellent in shock resistance and a sound pressure 
property will be demonstrated. In this case, the Vickers hardness after hardening 

is set to about 30-100. 

[0015] It is desirable for the supporting material which supports two sides which a 
diaphragm counters to a supporter like claim 5 to consist of same ingredients as 
an elastic sealing agent, i.e., to apply an elastic sealing agent to all four sides of 
a diaphragm. That is, while an air leak is lost by closing the perimeter of a 
diaphragm with an elastic sealing agent, a sound pressure property also 
improves. 

[0016] If piezo-electric sound components are manufactured at a process like 
claim 6, electrical installation with the external electrode of a piezo-electric plate 
and a substrate can be further performed at immobilization with a diaphragm and 
a case, immobilization with a case and a substrate, and few [ it is of the same 
kind, and ] processes, and a piezo-electric sound component according to claim 
1 can be manufactured cheaply. Similarly, if piezo-electric sound components are 
manufactured by approach like claim 7, a piezo-electric sound component 
according to claim 2 can be manufactured cheaply. 
[0017] 

[Embodiment of the Invention] Drawing 3 - drawing 6 show the piezo-electric 
sound components of the surface mount mold which is the 1st operation gestalt 
of this invention. This piezo-electric sound component fits the application as an 

earphone, and consists of the diaphragms 1, the cases 4, and substrates 10 of a 
profile and a uni-morph mold. 

[0018] It has electrode 2a of a thin film or a thick film, and 2b at the front rear 
face, and the piezoelectric device 2, the piezoelectric device 2, and width method 



of the rectangle by which polarization processing was carried out in the thickness 
direction are the same, and are formed in a rectangle with a little long die-length 
dimension, and the diaphragm 1 is constituted from a metal plate 3 by which 
confrontation adhesion was carried out through electroconductive glue etc. by 
rear-face electrode 2b of a piezoelectric device 2, as shown in drawing 6 . In 
addition, rear-face electrode 2b is joining to the rear face of a piezoelectric device 
2 directly through electroconductive glue etc., and may omit a metal plate 3. With 
this operation gestalt, the location where the piezoelectric device 2 inclined 
toward the one-side side of the die-length direction to the metal plate 3 is pasted, 
and it has outcrop 3a which the metal plate 3 exposed in the other side side of 
the die-length direction of a metal plate 3. 

[0019] As a piezoelectric device 2, electrostrictive ceramics, such as PZT, is 
used, for example. Moreover, a metal plate 3 has the desirable ingredient which 
combines right conductivity and spring elasticity, and its ingredient especially with 
as near Young's modulus as a piezoelectric device 2 is desirable. Therefore, 
phosphor bronze, 42nickel, etc. are used, for example. In addition, since 
ceramics (PZT etc.) and the coefficient of thermal expansion are near when a 
metal plate 3 is 42nickel, what has more high dependability is obtained. 
[0020] The above-mentioned diaphragm 1 can be manufactured at the following 
processes. First, it pierces from a ceramic green sheet, and after piercing a 
square-like parent substrate and working electrode formation, polarization, etc. to 
this parent substrate with metal mold, a parent substrate is pasted up on the 
motherboard of a metal plate with electroconductive glue etc. And the parent 
substrate and mother metal plate which were pasted up can be cut in the shape 
of a square by the outline in every direction using a dicer etc., and a diaphragm 
can be obtained. Thus, there is an advantage that ingredient effectiveness and 
productive efficiency are good and can reduce facility cost by using the square- 
like metal plate 3 and the square-like piezoelectric device 2. 
[0021] The above-mentioned diaphragm 1 is contained inside the case 4. That is, 
a case 4 is formed in the core box which has upper wall section 4a and four side- 



attachment-walls sections 4b with insulating ingredients, such as ceramics or 
resin, and supporter 4c of the shape of a level difference which supports the both 
ends of a diaphragm 1 inside [ which counter / two ] side-attachment-wall section 
4b is formed in one. In addition, since the smaller possible one raises sound 
pressure and can make resonance frequency small, supporter 4c is desirable. 
When it constitutes a case 4 from resin, heat-resistant resin, such as LCP (liquid 
crystal polymer), SPS (syndiotactic polystyrene), PPS (polyphenylene sulfide), 
and epoxy, is desirable. 4d of sound emission holes is formed in the center 
section of upper wall section 4a, slot 4e Is formed in two opening edges of side- 
attachment-wall section 4b which counter, and 4f of notches for braking is formed 
in the one remaining opening edges of side-attachment-wall section 4b. The 
above-mentioned slot 4e is formed in the external electrodes 13 and 14 of the 
substrate 10 mentioned later, and a corresponding location. 
[0022] It is contained inside a case 4, and two sides by the side of the shorter 
side of a diaphragm 1 are put on supporter 4c, and are being fixed with the 
elastic sealing agent 6 so that, as for a diaphragm 1, the metal plate 3 may meet 
upper wall section 4a (refer to drawing 4 ). What is necessary is just to use well- 
known elastic sealing agents, such as an urethane system and a silicone system, 
as this elastic sealing agent 6. Moreover, between two sides by the side of the 
long side of a diaphragm 1 , and the inside of a case 4, few clearances are vacant, 
and the closure also of this clearance is carried out with the elastic sealing agent 
6. That is, the closure of the perimeter of a diaphragm 1 is fixed and carried out 
to the case 4 with the elastic sealing agent 6. Thereby, the sound space 7 is 
formed between a diaphragm 1 and upper wall section 4a of a case 4. 
[0023] The case 4 which attached the diaphragm 1 as mentioned above is 
pasted up on the substrate 10 with the insulating adhesives 19. When a 
substrate 10 is formed in rectangle plate-like with insulating ingredients, such as 
ceramics or resin, and it forms by resin, heat-resistant resin, such as LCP, SPS, 
PPS, and epoxy (glass epoxy is included), is used. The external electrodes 13 
and 14 prolonged from a front face to a rear face through the through hole slots 



1 1 and 12 are formed in the both ends of the longitudinal direction of a substrate 
10. Outcrop 3a of a metal plate 3 and surface electrode 2a of a piezoelectric 
device 2 which are the diaphragm polar zone located in the both ends of a 
diaphragm 1 are electrically connected with the external electrodes 13 and 14 by 
conductive paste 15 and 16, respectively. In addition, it is avoidable for 
conductive paste 15 and 16 to be able to secure predetermined thickness, to be 
crushed by the case 4, and to disconnect it by entering into slot 4e formed in the 
opening edge of a case 4. Conductive paste 15 and 16 consists of 
electroconductive glue with soft elasticity, such as for example, an urethane 
system or a silicone system, and the thing of 1x105 - 2x109 N/m2 (Vickers 
hardness is 30-100) is used for the Young's modulus after the hardening. 
Moreover, in order that the coverage of conductive paste 1 5 and 1 6 may 
suppress the sound pressure fall by the excess of coverage, it is desirable 
respectively to suppose [ about / 2.5mg**0.5mg ] that it is little. 
[0024] If predetermined signalling frequency (an AC signal or square wave 
signal) is impressed between the external electrode 13 prepared in the substrate 
10, and 14, since the die-length direction both ends of a diaphragm 1 are 
supported by supporter 4c of a case 4 and the crosswise both ends of a 
diaphragm 1 are held free [ elastic displacement ] with the elastic sealing agent 6, 
a diaphragm 1 can vibrate in die-length bending mode considering the die-length 
direction both ends as the supporting point, and can generate a predetermined 
sound. A sound is emitted to the exterior from 4d of sound emission holes of a 
case 4. 

[0025] The result of having performed the drop test of the piezo-electric sound 
components which consist of the above-mentioned configuration is shown below. 

[Drop test] 

Conditions: Piezo-electric sound components were attached in the lOOg fixture, 
and the open-circuit situation of the conductive paste 15 and 16 when dropping a 
Z direction (level in a substrate) on a wood slab from height of 150cm was 
inspected. 



the case where ten :Z direction O.K. epoxy system electroconductive glue is 
used when urethane system electroconductive glue is used ~ four :Z directions ~ 
poor flow (opening) generating - when the urethane system electroconductive 
glue which has soft elasticity as mentioned above as conductive paste 15 and 16 
for connecting the electrode of a diaphragm 1 and the external electrodes 13 and 
14 of a substrate 10 is used, it turns out that it has the engine performance which 
was excellent in shock resistance, the Young's modulus of the urethane system 
electroconductive glue used at this time - 1x109 N/m2 it is - the Young's 
modulus of epoxy system electroconductive glue ~ 5x109 N/m2 it was . 
[0026] Next, the assembly approach of the above-mentioned piezo-electric sound 
components is explained according to drawing 7 and drawing 8 . As first shown 
in drawing 7 , it contains so that a metal plate 3 may turn to the upper wall 
section 4a side of a case 4 inside the case 4 which made the diaphragm 1 inside- 
out, and two sides by the side of the die-length direction both ends, i.e., a shorter 
side, are laid on supporter 4c. The perimeter of a diaphragm 1 is made to apply 
and harden the elastic sealing agent 6 by a dispenser etc. in this condition. 
Thereby, as shown in (a) of drawing 8 , the case 4 which attached the diaphragm 
1 inside is acquired. Next, it applies to slot 4e formed in the opening edge of a 
case 4 from outcrop 3a of a metal plate 3 located in the end of a diaphragm 1 as 
shown in (b) of drawing 8 , and conductive paste 15 is applied continuously. It 
applies to slot 4e which similarly was formed in the opening edge of a case 4 
from surface electrode 2a of a piezoelectric device 2 located in the other end of a 
diaphragm 1, and conductive paste 16 is applied continuously. In this case, flow 
dependability can be raised by applying conductive paste 15 and 16 in the shape 
of [ three-dimensional ] a key mold, without increasing coverage. As mentioned 
above, since a diaphragm 1 turns a metal plate 3 to the upper wall section 4a 
side of a case 4 and is being fixed, outcrop 3a of a metal plate 3 and surface 
electrode 2a of a piezoelectric device 2 which are two diaphragm electrodes will 
be exposed to the opening side of a case 4. Therefore, conductive paste 15 and 
16 can draw out to the exterior easily. Next, as shown in (c) of drawing 8 , the 



insulating adiiesives 19 are applied to the opening edge except slot 4e of a case 
4. In addition, tine spreading process of adhesives 19 can also be performed 
before spreading of conductive paste 15 and 16. However, what is necessary is 
just to apply adhesives 19 to the part except slot 4e by the pattern predetermined 
by printing, imprint, etc. so that adhesives 19 and conductive paste 15 and 16 
may not lap in this case. Next, as shown in (d) of drawing 8 , before conductive 
paste 15 and 16 and adhesives 19 harden, a substrate 10 is pasted up on a case 
4. While adhesives 19 stick to the front face of a substrate 10 at this time, 
conductive paste 15 and 16 sticks to the external electrodes 13 and 14, 
respectively. In this condition, while a case 4 and a substrate 10 are unified by 
heat hardening or carrying out natural hardening in conductive paste 15 and 16 
and the insulating adhesives 19, outcrop 3a of a metal plate 3 and the external 
electrode 13 of a substrate 10 are connected by conductive paste 15, and 
surface electrode 2a of a piezoelectric device 2 and the external electrode 14 of 
a substrate 10 are connected by conductive paste 16. In this way, piezo-electric 
sound components are completed. 

[0027] In the above-mentioned operation gestalt, although the perimeter of a 
diaphragm 1 was supported / closed with the elastic sealing agent 6, two sides 
by the side of the shorter side of a diaphragm 1 may be fixed to supporter 4c with 
adhesives. However, since the direction which used the elastic sealing agent 6 
can prevent more certainly the air leak between the side front of a diaphragm 1 , 
and a background while a diaphragm 1 can vibrate freely, it is desirable on a 
sound pressure property. 

[0028] Drawing 9 shows the piezo-electric sound components which are the 2nd 
operation gestalt of this invention. This piezo-electric sound component consists 
of the diaphragms 1 , the cases 40, and substrates 10 of a profile and a uni- 
morph mold. The diaphragm 1 and the substrate 10 are the same as that of what 
was used with the 1st operation gestalt. Drawing 9 is the perspective view seen 
from the background, and the level difference-like supporter 41 is continuously 
formed in the medial-surface perimeter of a case 40. The top face of this 



supporter 41 is formed in tine same lieiglit, and tine four-side perimeter of a 
diaphragm 1 is being fixed by tine supporting material 42, sucli as adiiesives, on 
tine supporter 41 . In addition, tlie same sign is given to tine same part as tine case 
4 of drawing 7 , and duplication explanation is omitted. By being used with single 
frequency like a sounder or a ringer, restraining the perimeter of a diaphragm 1 
with supporting material 42, and using a diaphragm 1 in a resonance field, the 
piezo-electric sound components of this operation gestalt can be strongly excited 
in area croo[<edness mode, and can obtain the amount of Oto. 
[0029] Drawing 10 shows the 2nd operation gestalt of a diaphragm. Although this 
diaphragm 20 is the diaphragm 1 shown in drawing 6 , and a uni-morph mold 
diaphragm which pasted up the piezoelectric device 22 on one side of a metal 
plate 21 similarly, both the metal plate 21 and the piezoelectric device 22 are 
formed in the rectangle of the same configuration. And 1st electrode 22a is 
formed in the front face of a piezoelectric device 22 from the end just before the 
other end, and 2nd electrode 22b through which it flows through a metal plate 21 
and an end face is formed in the other end side. Since two electrodes 22a and 
22b are exposed to the front face of a diaphragm 20 also in this case, it can pull 
out to the exterior easily by conductive paste by turning and attaching a metal 
plate 21 side in upper wall section 4a of a case 4 like drawing 4 . The conductive 
paste in this case as well as the 1st operation gestalt should just use 
electroconductive glue with elasticity. 

[0030] Drawing 1 1 and drawing 12 show the 3rd operation gestalt of a diaphragm. 
This diaphragm 30 carries out the laminating of the two-layer electrostrictive 
ceramics layers 31 and 32, the principal plane electrodes 33 and 34 are formed 
in the front flesh-side principal plane of a diaphragm 30, and the internal 
electrode 35 is formed among the ceramic layers 31 and 32. As a thick wire 
arrow head shows to drawing 12 , in the thickness direction, polarization of the 
two ceramic layers 31 and 32 is carried out in the same direction. The principal 
plane electrode 33 on a side front and the principal plane electrode 34 on a 
background are the shorter sides and these width of face of a diaphragm 30, and 



are formed a little shorter than a long side, and the end is connected to the end- 
face electrode 36 formed in one shorter side side edge side of a diaphragm 30. 
Therefore, the principal plane electrodes 33 and 34 of a front flesh side are 
connected mutually. The internal electrode 35 was mostly formed in the 
symmetry configuration with the principal plane electrodes 33 and 34, it is 
separated from the end of an internal electrode 35 of the internal electrode with 
the above-mentioned end-face electrode 36, and the other end is connected to 
the end-face electrode 37 formed in the shorter side side edge side of another 
side of a diaphragm 30. In addition, the end-face electrode 37 and the flowing 
narrow width auxiliary electrode 38 are formed in the vertical side of the shorter 
side side edge section of another side of a diaphragm 30. 
[0031] Receipt immobilization is carried out at a case and a case pastes up the 
above-mentioned diaphragm 30 as well as drawing 4 on a substrate. At this time, 
one side of the principal plane electrodes 33 and 34 is connected with one 
external electrode of a substrate by the conductive paste which has elasticity, 
and an auxiliary electrode 38 is connected with the external electrode of another 
side of a substrate by the conductive paste which has elasticity. And 
crookedness vibration of the diaphragm 30 can be carried out in die-length 
bending mode by impressing a predetermined alternation electrical potential 
difference between external electrodes. That is, crookedness vibration can be 
carried out, being able to use the shorter side side both ends of a diaphragm 30 
as the supporting point, and being able to use the center section of the 
longitudinal direction as a maximum amplitude point. In the case of this operation 
gestalt, it is the laminated structure which does not have a metal plate, and since 
two oscillating fields arranged in order in the thickness direction vibrate to hard 
flow mutually, compared with a uni-morph mold diaphragm, the big amount of 
displacement, i.e., big sound pressure, can be obtained. 
[0032] Drawing 13 shows the 4th operation gestalt of a diaphragm. This 
diaphragm 50 carries out the laminating of the three-layer electrostrictive 
ceramics layers 51-53, the principal plane electrodes 54 and 55 are formed in the 



front rear face of a diaphragm 50, and internal electrodes 56 and 57 are formed 
among each ceramic layers 51-53. As a thick wire arrow head shows, in the 
thickness direction, polarization of the three ceramic layers 51-53 is carried out in 
the same direction. The principal plane electrodes 54 and 55 are the shorter 
sides and these width of face of a diaphragm 50, and are formed a little shorter 
than a long side, and the end is connected to the end-face electrode 58 formed in 
one shorter side side edge side of a diaphragm 50. Therefore, the principal plane 
electrodes 54 and 55 of a front flesh side are connected mutually. It is separated 
from the end of internal electrodes 56 and 57 with the end-face electrode 58, and 
the other end is connected to the end-face electrode 59 formed in the shorter 
side side edge side of another side of a diaphragm 50. Therefore, internal 
electrodes 56 and 57 are also connected mutually. In addition, the end-face 
electrode 59 and narrow width auxiliary-electrode 59a through which it flows are 
formed in the vertical side of the shorter side side edge section of another side of 
a diaphragm 50. Like [ this diaphragm 50 ] drawing 4 , receipt immobilization is 
carried out at a case and a case is pasted up on a substrate. At this time, one 
side of the principal plane electrodes 54 and 55 is connected with one external 
electrode of a substrate by the conductive paste which has elasticity, and 
auxiliary-electrode 59a is connected with the external electrode of another side of 
a substrate by the conductive paste which has elasticity. 
[0033] For example, if the electrical potential difference of minus and the 
electrical potential difference of plus in auxiliary-electrode 59a are impressed to 
the principal plane electrode 54, the electric field of the direction shown by the 
thin line arrow head of drawing 13 will arise. Since the internal electrodes 56 and 
57 located in the both sides of the ceramic layer 52 which is an interlayer at this 
time are the same potentials, electric field do not produce them. Since the 
direction of polarization and the direction of electric field are the same directions, 
the ceramic layer 51 on a side front is shrunken in the direction of a flat surface, 
and since the direction of polarization and the direction of electric field are hard 
flow, the ceramic layer 52 on a background is extended in the direction of a flat 



surface. And an interlayer 52 is not expanded and contracted. Therefore, a 
diaphragm 50 is crool<ed so that it may become a convex to a lower part. If an 
alternation electrical potential difference is impressed between the end-face 
electrode 58 and 59, a diaphragm 50 can produce crookedness vibration 
periodically and can generate the sound of big sound pressure by this. 
[0034] In addition, a metal plate and a piezoelectric device may be not only a 
rectangle but squares. Moreover, although the above-mentioned operation 
gestalt explained the uni-morph mold diaphragm which stuck the piezoelectric 
device on one side of a metal plate, and the laminating mold diaphragm which 
carried out the laminating of the piezoelectric device, the 1st and 2nd diaphragm 
electrode is exposed to the one side side of both ends, and as long as it is the 
piezo-electric diaphragm of the square which vibrates in die-length bending mode 
or area crookedness mode, what kind of piezo-electric diaphragm may be used. 
As piezo-electric sound components of this invention, there are a piezo-electric 
buzzer, a piezo-electric earphone, a piezoelectric loudspeaker, a piezo-electric 
sounder, a ringer, etc. 
[0035] 

[Effect of the Invention] The metal mold in the process from punching of a green 
sheet to [ so that clearly / since the square-like diaphragm was used according to 
invention according to claim 1 ] a parent substrate cut, a fixture, and a piezo 
electric crystal form can be lessened in the above explanation, and since 
ingredient effectiveness is good, productive efficiency improves and a 
manufacturing cost can be reduced, moreover ~ since two sides which a square- 
like diaphragm counters are supported to the supporter of a case, the clearance 
between other two sides and cases of a diaphragm is closed and it was made to 
make it vibrate in die-length bending mode ~ max ~ a variation rate ~ a point ~ 
the center line of the die-length direction of a diaphragm ~ meeting ~ existing ~ a 
variation rate ~ the volume can be enlarged. Therefore, sound conversion 
efficiency can be raised compared with a disc-like diaphragm. And although, as 
for a square-like diaphragm, the two sides are supported, since a part in the 



meantime can be displaced freely, a low frequency can be obtained compared 
with a disc-like diaphragm. On the contrary, a dimension can be miniaturized if 
the same frequency is obtained. Furthermore, since the electroconductive glue 
which connects a diaphragm electrode and the external electrode of a substrate 
has elasticity, even if it drops the device carrying these piezo-electric sound 
components accidentally and a big impact load is added, electroconductive glue 
absorbs an impact and a possibility that between a diaphragm electrode and 
external electrodes may be disconnected can be canceled. Moreover, since the 
Young's modulus after hardening of electroconductive glue is low, vibration of a 
diaphragm is not barred but it has the effectiveness that a sound pressure 
property improves. 

[0036] Moreover, in invention according to claim 2, since four sides of a square- 
like diaphragm are supported to the supporter of a case and it was made to make 
it vibrate in area crookedness mode, the piezo-electric sound components 
suitable for the sounder used in a resonance field, a ringer, etc. are realizable. 
Since the diaphragm electrode and the external electrode of a substrate were 
connected like claim 1 also in this case with the electroconductive glue which has 
elasticity, shock-proof ability improves, it is small and the piezo-electric sound 
components excellent in the sound pressure property can be realized. 
[0037] Moreover, since electrical installation of a diaphragm electrode and an 
external electrode is also performed at the same time it pastes up a case and a 
substrate while spreading of the electroconductive glue which connects a 
diaphragm electrode and the external electrode of a substrate becomes easy, 
since a diaphragm is attached like claims 6 and 7 so that two diaphragm 
electrodes may be exposed from opening of a case, a production process can be 
simplified and the processing time of a process can be shortened. Therefore, the 
piezo-electric sound components of claims 1 and 2 can be manufactured cheaply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the comparison Fig. [ diaphragm / a circular diaphragm and / 
square ] of displacement distribution. 

[Drawing 2] It is drawing showing the relation between the dimension of a circular 
diaphragm and a square diaphragm, and resonance frequency. 
[Drawing 3] It is the perspective view of the 1st operation gestalt of the piezo- 
electric sound components concerning this invention. 
[Drawing 4] It is X-X-ray sectional view of drawing 3 . 
[Drawing 5] It is the Y-Y line sectional view of drawing 3 . 
[Drawing 6] It is the perspective view of a diaphragm. 
[Drawing 7] It is the decomposition perspective view which looked at the case 
and the diaphragm from the rear-face side. 

[Drawing 8] It is process drawing showing the assembly approach of of the case 
and substrate incorporating a diaphragm. 

[Drawing 9] It is the perspective view of the 2nd operation gestalt of the piezo- 
electric sound components concerning this invention. 

[Drawing 10] It is the sectional view of the 2nd operation gestalt of a diaphragm. 
[Drawing 11] It is the perspective view of the 3rd operation gestalt of a diaphragm. 
[Drawing 12] It is the sectional view of the diaphragm shown in drawing 1 1 . 



[Drawing 13] It is tine sectional view of the 4th operation gestalt of a diaphragm. 
[Description of Notations] 

1 Diaphragm 

2 Piezoelectric Device 
2a Surface electrode 

3 Metal Plate 

4 Case 

4a Upper wall section 

4b Side-attachment-wall section 

4c Supporter 

6 Elastic Sealing Agent 

10 Substrate 

13 14 External electrode 

15 16 Conductive paste (electroconductive glue with elasticity) 
19 Insulating Adhesives 
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X a tcTOS^i. mmmnmh 2TmmA 
mmzny^x^Mx^'^ti. mwmm'o<^2i!Lb 
'T~:^btmwfwmmxit^^Kx , mmub'r 
~7.a^m.%b(^mz^mmm)m)k^ix. ±iEa«± 

t:±ie^-xcDMfiSPIfHPM#^§^i-i> bbUz^ 1. 

2 (^mmwrnim'^^m-^mmmmm^z j; d m 2 o 

nMm%m\mth, ttz. mim2[zmmw9i 
nm^mwmzw.\, %2a:mmmmfiw^ 

L . Mit)aft^- Yxmmth nfm(ry}£wmub . 

}M%b 4 '5i?)iiMgP fc L , 4 -^OiiSgpt^l^iit:: 
^g|5^i#o|giH4^-^ i: . m 1 i: m 2 mwmd? 

im^i\.fz^wmm.b^mL. _htE»M{i^-x 
F*]tmi, m2<7)»i^«®j&iffiai-r'i.ffij&^'^-xc^_h 

ms> b Kn\m^ <xo \>zw^^t\. . mmo)A wi^ii 
Lx^\mx^^Kx . mmb y-x 

%^'r~x<n'm%m\m^^%tih bbUz. ±iB^ 

^ «MW(cSM S xiX v-^hZb^m^b-fh JiS^ 

sgPpit^^ft-rSo t.fz. mmMzmm%mt. m 

mth^^ b . mm b 4 -^mm%b ^ ir l . n^-t 
h2-)mmB<^nmz-mm>^m-^mm^'r-x^'m 
mhTMb. %\b%2<r>^\mmmm^^fifz^M, 
«os«^mfi^2>xgt. mmmmi'r-x^^z'm 
1. ®2t7)iiij,Kms*^«ai^i>H*^>-xt^±ffigpfc 
R*fffl||^[^^I<J;5tiKttL. mmummhi'm^ 
%^mmznhx^mvix^^hbb%,\z. mmn 
W)<n2^i!Lb'r~xbmm:m-'mmxn±.L. m 
wm.by~7.(nmmbomzwm'm^^m^-thTM 
b . }L^mmoy% 1 oymmMm^^i^y-7.mmu 
Wium±xm-mm'-Mmmmmrj%mm^z3MM-ti> 
-iMb. }L%^mmi<n%2<nmmMm-^^'r~7.(r>m 
mmn-^t.xw&.^%-ymnmmmmmm\zm^ 

umzimmmrnrnmh^Ub . ±iaa«±t;^- 
-xmAmmmm^mm\mm\zi mm-th b n 
^fc. mwmmm,z i o m 1 <^mwmM bw,\m 

%2a}mmMmb'm2m^mm&b^mmz 
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mm^commi^zm i, m2 commmmmtimiii t . m 

xmt . ±M.3b 4-D<Dmm.wib ^^l. 4^<7)iijiigi5 
mmiz^^^w-)im^^~xmmixmb . 

%\b%2 mmmmmik § Kfz^mmwm: 
^i>igfc. immm:'T~xnz% \ , %20-Mm 

a ^zum I . wmm<D 4 m^immmziii tx^m 
x'^L. mwrnt^-xcoimmbcom^z^mm^: 

mzm-^t^xm t . ±tmwM<Dm 2 <Dmmmmmi)^ 

mmmzm^-t^^jimt . ±iimm±mtfdi±iiy- 
^(^Mmmrmmzmmmmmrim-t^^xMt . ± 
mmu^^z^-xmm^mnmnmmmm^z^y) 
mm-t h b nmi^z , mm/mmm\,z j; 0 m 1 <DwmwM 
%b^i<^9mm%. m2<nmmMmb^2mm, 
ffifc rimiz^mttTMb . ±mmmmmm.v^ 
>n-^mmmmmzmi\:^^hiMb . ^mt^wm 

[0007] mimmm-i>smm=Fim^mx'hh 
m^m^^iw ^hi^z. imm^Z'Sm^^^m^mmm^ 

S:iJ'^^r<t-#i.o-c-\ tk'M^m. ^^m(^mxmx 
$>& ^ 

[00 08] tmmim^^mii. ^tsisfc ixm 

'MzmitzMXh^. !l^v^]yyi^(^mmnzMm-t^fz 

h . mwM<^mi3Lyi^}v^~tfimmA^^ < x hmax 
# § i a t;. mnmmimumm^ 2a^^-x 

co^nmz^n^x^n l . s d c?) 2 5a t y com, 
rB^i:mm±m-$i±tx^ ^ i> , mtmc^) 2 --j(^)Mim 
mmmmmmmiim^:Atit& b . smm^m 
^irmzimi. MzmtxmwMim^'^yi' ^ y 

VXM^m^-th . .l</^b%. Mim^iy~:^l>z 

mm^tifzmm^mbLx^r^zmmL. lai^o 
( b ) iz9f<tx 0 ^z. m±miL^,Pifim.mm(r)m:Hn 
(^^'^^zf^-^xn^h , . El 1 xamM ffi* 
{z-fhtz^. :3,-^)vymmwm.m\im-t. Mzn 
L. v]m.\t^Mmm)i^^^z\i^ h 1 { a ) o i a 



lb--^X±%<ts:h. ^(r)mmm.\i.. SM^Kj^^^x^. 

^ - >: ^: I. of\ wm^mm ^w^hzb a^x % 
s» mm.oM-y^mmW'b'r-xboMmmt 

m.m&'kmif-t . ^mfi^^h^bW£\^. 

f^o)%'7t\i ^uzmLx% h (^x . vmmmmmzYt 
^xm'Mmj^'n^'i^hcbi^x^h . mz^ mm 
mL<Dm%i<DXhtiif. -mt:Amtx^^. 
[0 0 0 9] -If. m^.2mmmii. ^-^y^^^ 

u yiits:yi(^WMzm^fzmxh 0 . w--wmkxo^± 
^mzn)B-t hfz>^. mmMx<m^tth. mmmy 

m.'^^hfz^. nm^m>mm.(nAm'^x^'r~x 

o-^±mu\z^mvix^m Lfdm% t ^ o t u i> „ . 
MitJSft^- K b %%mfmmw^t^mimxh 
mm,<n^m^t£^2-^mmmm^m<m.b 
t£hi.^\!z.-y± mm.m.mm^^®Abts:h J; 
a \zmm.<ri^-m.i?wmin\zmmm^'fh\,m: 

i^^mmmo)^ a \,zmmm,zmt^yymm\ . 
mmm%^^<mm-h%,(nx%,x\-^L. v-uu- 

i\'mh%,<7)Xhnx%,x\^. 
[00 11] m2\mB(^mmbmkm(^mw&.b(^ 
-^&.b^wm.b<mmm^mmx'hh. 

xii. s.mm^bixm^t^5 0 umcopzTimK 

^mUbtX)S-^i^^5 0/iraCD4 2N i^m^fz. t 

fz . mnrnmiUo^^^ l b mcn^t^ 1 . 6 7 1 1 
mt-i^m^t-^j:iioi,z. n-^mx-hmf. 

immmi.mmmmzitKx^m (^$, ns) 
^<x%h. mz. ^m^m-xMi. ffiv«i^^ 

[0012] :^^mxu. mmm^Lfz^-y^ii^ 
ummmzmmm^^ti^ . ^ix.mi (^mmm 

mti'^mcom 1 co9\-3mm^zfiix?m^n-'jmw\im 
mmizx ^jmm'^i^ztm^ti. m2(rmmmmmtmm 
com2co9i-^'mm^zM Lxwrnn-Mmmmm^zx 

mm^ztmtzmi, m2(^*/[-mmm^sm(^mmtx3\ 
§ mtz. 1 1 J; 0 , mmmmm^zmj&ti ^ b i)^x^ 

mm.mmmfmmm-:>(^)x. *j±miif#gPp°n^ 
mmLfzmmm.-^xm^^fz 0 tT^#^»»^fi 
mwh-^xi.. ^^-/^ti-xh-f. mmmMb^mm 
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[0013] tmm3(/^x 0 1;. Mimt ix. ^mm 

m 1 <^mmmm&mm-^ tth^z. mM<^&mm 

i'mm^titzmc^Minm^z^mmc^Min.sfmm^o 

^<D±mmi:^-^<D±Mmm^zmx ^-x^zm^n 

mi>z\^nxM 'onnt^thT^^^tiK z </)^i,zii . 

rnvM^commmm tmrnt mm its^-^cox\ Kmm 
i^i^mmmm^suiom 2 ^\-mmm{zmm-t6(7)tm l 

imzmxm^-tmi. sMm^commwmtmmtti- 

mmi^z X h wmim^ t^x^.^xh. mmm.<r)-mmi.z 
^mwM^^tm^Lxv^^ff^x. ^wMhmicr>9\- 

[0014] mmA<^x 0 wmwr>mm^^ 

Mb ixii. mitmm-yymn x 1 o^ -2x10 

^mmzh'^ramirzmw:i%»f& . zco^-^iz 
m^mcoh' -y :f;~xmmii^^ so-ioot^s, 
[0015] mi^msff^x 0 iz. mmm\^i-^ 2m 
i:^nm^Z);^Lx^nt^^mmmim t n--^ 
mxmf&^iix I ^ s ^ t . o i >9 wmi±Mmim^ 
4m^x^zm^-timmtu\ ^^lo. m}U<^m 
mmmi±mx'm±ri zt^zx^o. mmnmK 

[0016] mtimec^x 5 t^TMxKmwmmsh^^m 

HS, $ ^izsMutmuiD^i-wmitcrMmmm 

i . IhISTj&^o^^^tV ^Xg-Ctf ^ oZb t^X-n . if ^ 

m-ftiif. If ^11 2 {ztm^mmmu^u^mmzmm. 

[0 0 17] 

[ wmmmmm ] a 3 6 n^^mcom 1 c^mm 
mmxh^mmmmm(/^&m^mffa^^'t. -i <nsM 

[0 0 18] miMiii. Het^^-fj; mmmiz 
mmtfzimm(^VM2 a , 2 b ^irt. m^iiiin^zyt 
mmm § tifzmm(r)SMm^ 2 1 . i±mmT 2 1 m-^ 
m^m-xm^mti^'^-^^ ■^mmi>zmm^ti. im 
mi^ 2 (^mmmrn 2 b ^zmmmmm^j: ltmh 
g«sii/t#MM3fcTiijt§tLTus, mmn 



#2 b (i. ^mm3^:mmm^2cr>^izmmimmm 
^j:t'iirLxmim^i-i.ikx\ '^mixhxvK ^ 
c^mtmmxn. s.mm^ 2 fi^^mm 3 m lx^^Ij 
\^co-m.m'^m'yfz{i.wiztm^tiXi5 d . a«S3 o 
M^ifmmRmi^zii^mm. 3 timn^ uzmmma^ 

[00 19] J±€Si^2fcLT{i, Mi-H'PZT^fO 
JSS3*M 2N i fO*i^ttt, -b^S'y^' (PZT^) 

[0020] _hiB»«^ 1 amx 0 ^xxm-mmti 

■hm^mizx-^xmnmwmmmm-hm . zco 
mmmizM Lxmmm^. jfm^j: mim^m tz 
'ik. mMmmm.<Dnmzmm'&mnvj:}ix-mm^ 

t::>:^mv^xmmm v h 9-^ yxmmm^z:^ v n 
L , \mm * f#s z. t ii^xt^ ; j; a t , nmm 

[002 1 ] mmiWL 1 li'r-xAmm^zum^ti 

X^^h. ^ti:hh. "r-XAli^y^^y^xtfzimm 

t£)£(nim'mmx±MmA a t A-^mmuA ht^k 
w^mm.\,zm^^ii. nmt 2-^mmm4hmm 

^zmmu 1 mmmi^i-hfmw)^mm c 

mzfm^tix\^h.. -imm4c\±xt^^^tz\ph 

x\ mtL^K ^-x4mmxmm-^i^-^^zii. l 

CP m^B^V^-) , SPS (i^yi/^^^^'y^^ 

ux^py) , pps (;^°y 7x-^y-tf;^7r-f 

mm>4\^(mum>\,z\m%4QiMm^iv. W)<^\ 
^<7)iijffiiJ4 h<mum>\zmmm(rym'Km>4 ttm 

^$tiX^-^6. ±iaSgP4ei±. fSM^SSSl 0C0^\- 

mmms. lAkMij^iwzfM^tix^^^. 
[0022] mmrn 1 ii^co^mm 3 f}i±mm4 atn 
m-tixd^z. ^~x4cr,\Hmzmi^ti. mwMKo 

mmmco 2 5a*^'Sf§gp4 c ^zm-^uu mm±m e x 
mM^tiXv^i (H4#EfS) o zcowim±mekLx 

ffli^wfj:!.^, tfz. m)mi (^)M:miM(r)2mty~x 
4 comt iomzi±mib^^j:m.m^^\'m5 ^ . z(r>mr^ 
hmm±M6izx->x$i±$tiXv^i. 0. s» 
u 1 (r)^mimmi±m 6 izx ^x^~x4i,zm&^ 
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^1. f^Jh$^^Tul.„ ztiiz^y)^ m}mit^-x4 

[0 0 23] ±fao j; 0 i o#tt^^^-.x 
^\mm\ ot, mmwmmi 9^zi.'^x\m^K 
x\^h. SMI QM^v^v':?xt.fz\mmti:}i<n^ 

tttLCP, SPS, PPS, X.^°^l/ {i]v7.Jit°^ 

TSH3&^^)«H^Mt>'S^'^i^«ffi 13,14 :i^?^fi!c$tL 

AMK 3 to® ffiig 3 a fc ffimSi^ 2 ^O^ffim® 2 a {i . 

M 5 , 1 6 (C j; -5 T . 1 

3, 1 4fcmMWtcgM§tL-cv^-&. ^iJ, sm^-;^ 

M 5 , 1 6{i^r_x40|fiPiliJtffM$^l/i?ii54 

X4 tcff tit§ilTBflI-ri>i7)*0iiT-§ !> . 

fttO^>'i5^Wl X 1 05 --2 X 1 09 N/m2 ( f-y 

t-^mmfi 0-100) i^ito*^^$ffl§fi?> 5 

15,1 6iOlS^4{i, M.rfjft3iv5(c 

[oo24]SMlo^;i^ft^>tL!t^'hiI«®l3, i4 

[00 2 5] ±iimf&x^^j:i.&mw^msh<rMTim 

^fr : 10 0 s(^i{3mz&m^w>sh^m^mf. 1 5 
ocmo^^$^^fb*M±tz^[fi] (ste&7j<^) izmr 
^^fzmcomm^-7. m 5 , 1 6<7)w^?a^it4t 

^i^^ymmm^mm\^:m^-^tz^ ■. zu\^ 1 0 mo 

K 

>'^m'mmmmimi ^tz^i^ -.z^m mxm 

±iBi?) X'j^z^ wmu 1 to€S as 1 0 o^'f-gptts 1 
3, 1 4t^giE-ri./ii6t02im^--XM 5, let 

mmmmziiv^xm.Kfz'&mi^th ^tt^ht^ 

i± 1 X 1 09 N/m2 T-fe 0 . X;i;^^>'|^^^ftii^|FJ 



[0026] ±immummffi,comi.ijmm 

7, ms^zLfzii^-oximt^. ti'miiz^^txd 
t:. mimi^:mMHzLtzy~x4coMmz^ ^mm 
3 ti-^~x 4 coimm 4 ami J: oizmmL. 

^t-i., ;<7)«,^T\ mmmimm^zmmi±m6 

if^x^y^^j:}ii,z2:'oXm^L. m-it^^l. Zti 
izX^ . m8(^) (a) <^Xdiz^ MMi^zMim 1 ^ED 
#(t^c^-x4;0^'f#^jixl., ^^t:. HSfO (b) oio 

. ©KM 1 <^-mzimti±mm. scommmai^' 
i^'y~x4cr,mnmmzm0.^iitzmm4 e i^ztHfxm 

mmzmm^^-xvi 5^:m^-ti. s»si 
cnmmziiLm-ti&mmi'2(Dmm9M2 ai^^^y-x 
4a)mammi,z]fm^tLfzmm e tc^^ttTiiMWt:* 
m^~x h 1 6 ^M^fj-f-g. o >i<7)j^^, ^w'^-x b 1 
5.16 iiLi^m^j:A ^'mmzmifi-ti ; t t-\ m^p* 

mwmiit^m3&y-x4cr,±m34am 
i,z\^ifxm&^fix^^t<7)x\ 2-^<7)mMnmxh^ 
^mwL 3 comm^ 3 at smm^ 2 commmm 2att^ 

y-x 4 (Dmumm^ni^-th >r t (c^r^> . 
mm^-x M 5 , 16 1 J; oT^^tj'i'gPMi § i±i-r 

^htK'^i>. mz. (c)iOJ;dt. y-X4 

(7)SiI4 e ^ |^< fflPitg|5t;^iJtt(7)g«iJ 1 9 

^tj. gffiFJi 9<7)^ig{i. mm^-xvi 

5 , 1 6c^M^j: Dfcttf^o ^ t I. . tztzL. 

z(^m^<<z\mmm 1 9 1 ^m^-^;. m 5 , 1 6 1 

fi^^^l^aatc. ffi*^ijl 9^?iiI4e^^<i5*tC 

UStO ( d ) CO J; 5 (C2»m^-x M 5 , 1 6io J; 
Wf*fiJl 9*>'5Ift;-t SlulC, >--X4tO±taKl 0 

^f##^l>« ^c7)B§^ 1 9 *^*S 1 0 

m^h i: t i fc, M 5 , 16 ^i'^tim^'h 

13,14 t^«-r s o ; to«.^,t:'#«'^-x b 

15,16 J;ti^'iei^ttfi«f' J 1 9 ^ Jniilg^tt /sa i 
^;5S^t$ It s ^bx\ y-x 4 fc as 1 0 ^^-mts 

^iStttt, mw^-xvi 5tj;D^«K3t0Stii 

il 3 a i: SM 1 0 <7)3?f-il«ffi 1 3 i: tL. 

-X M 6 t;J; Offittll^ 2<7)^H«® 2 a 1 0 

<r)'^\mmm 1 4 1 if^mm^Kh . ^ a LTEm^suift 

[0027] mmmim:\i. mmu 1 o^jg^^fs 
^^ih^^ 6 T-^/i*ih uztK %mm. 1 i?)®2ifflo 2 a 

}ifS«fyT-Sf§gP4ct;ElSLTiJ:i\ /SZ-c. WttM 

ihw 6 ^ffl t -^tz-y^ffimm 1 g s tsijT- # 1. 1 1 i 
. 1 (^ymi b mm b (^m^&^mri ^ i 0 si^ 
m±x%^<7^x\ ^mm^iMthw 
[ 0 0 2 8 ] m 9 it^wmm 2 commmmxh ^ sm 

ymcommm 1 1 y~x4 otmmiob xmf&stLX 



(7) 001-238291 {P2001 - JKa 



§ mf&^tixt5 'o . ^i54 1 ±^zmm. i (^4 
mmmm^j:b'<^^mM4 2 ^zx-yxm^^tix\^^^. 

^tihh<7yx'h^ . wmMi<7^^m^^mM4 2i<zii'o 
xw^L. mm 1 ^^mmx-m-f^ ^ 1 1 j; 0 . 

[0 0 291^1 o\mmu<7^m2<7^mtmm.^^^'t. 
^<7^mwm2o\t. m^^zTTs-mwmi mm^z^ 
U2 1 co^m^zf±mml^2 2 ^mmifz^^^nymm 
mmxhit\ itimmi'2 2iimzm-m 
mmMmf&^tixi^i. ^Lx. sMm^2 2cr) 
mmi>zi±. -mi}^t^mm.mtx'mi<7)mm2 2ati^m 

i . mWM 2 0 C')|llH](' 2 OiOmti 2 2a, 22b -/j^S 

mt^ c^rc\ m4h mm^z^mu 2 1 ij ^ ^-x 4 c^jji 
ffii54 a i,zmxmm^ ^ti^zx^o. mm^~x h 
xmmz^m^3 {^m-t^tt^x^^. .r com^<7:imm 
^-x hL^mi mmmmtmrn^z^ wmn-:>mm 

[oo3o]@ii, 11112 ^mmu<7^m3commmm 

3 1, 3 2i:msifzi,(oxi)^. mtm 3 0 <omm3L 
mizii^mmm 33,34 mM^ti. ^ty^-y^xm 
3 1 , 3 2«::ii^aims3 smm^tix^^^. 2 

-yco^y^'v^xmsi , 3 2ii, mi 2t:±ia^EPT- 

^■fx 0 \,zm^-n\p\\izi5\\xn-ij\p\\,z^m^iix\^ 

li „ Sfflt^ifflmS 3 3 K(IiJO±H€S 3 4 « , Hi) 
S3 0«afc^|iMT-*^o^jaJ; O^^M<ffM§tL. 

SH«fli3 6t;ffiig$tLrv^S, ^(7)±H 
«ffi3 3, 3 4(±ffiSt;SM§tLTV^S„ I*lil«ffi3 5 

i±±ffimS3 3, 3 4fci5{S»W=ffM$#l, l^lii 
mS 3 5 t^-Si±±iESH€S 3 6 ilixT*5 D , \m 
iiSif)K3 0t0fffi^t0@}aiBKffit;j^fi!c$ii5tffiffi€S 
3 7t;®M§^i-n^§. ^fc. ®iiS3 0i7)ft!j:trc7)Mffl 
fflsgpt^±THt:i±. SH€S3 7 hmmt^mmm 

mmM 3 8 ^iffM S iiT V ^ I, , 

[0 0 3 1 ] ±iESItl«3 0 CjH4 fc^StC. ^r-xt 
±ffimffi3 3 , 3 4c^-:^{i;. Wtt^*-ri.»«^->!. 

h^zx-^xmm)-:^mm'9mbm^^ti. »€fi 
3 siiWtt^^r-tssm^-xbtci'^TaKtoffi^riT) 



^smji^ Epjnt-i> ; fc T-\ mmm. 3 0 ^ ^ § ^yrv 
mm3o<r)mmn^mi^^±L. ^^^^^^]^o^:*: 
<?^mmm<7^^^\,z\i.. ^wm^L^^^mmmxh 

[ 0 0 3 2 ] HI 3\i.wmiRm4<Dmtmm^w&. 

Z<nmm50l±^ 3ilOj±«-b7 5 -yi?XM5 1-5 
3 §r%M Lt'^ t tOT'S> D , SllK 5 0 
flffi54, 5 BZ/ffMS^i-L, ■y^'XiiS 1 — 5 

3c?JPBl(cm^g|3€ffi5 6, 5 7^%M§tlTV^§, 3o 
<7)-fe ^ 5 >y ^ XJi 5 1 - 5 3 (±±i||^Ept^^ j; o t/i 

^i5^{ziiv^xn-:^\^{zJjfm^fixv^h. ±Hms5 
4 , 5 5 a , siis 5 0 t?)Mja fc ^t§t-*^o^5a j; 0 ^ 

s , i^igpmffi 5 6,5 7 (D-i^imm'^m 5 8 1 mnx 

^c««^5 9tc®gg§ii-cv^^, Lfzjb^-ox. ^mm 
mse, 5 7hnmzmm^tix\^^. mtus 
o<^mi3<^mmm^^<^±Tm^zii. imnms 9tm 

wm5ohm4b\miz. ^-xi^zmm^^tu ir- 
x^ims.lzim^i^h. z(Dt^. ^mnM5 4, 55 
co-uii. wm^-rmm^~:^hi^zX'oxmRco- 

I, mm^~x hizx-y xmucomummmm tmm^ 

[0033] mtit. ±m^m54^z'?-!i-x<7)m&. 
m^mM 5 9a iizry xo«E^ mu-fi t.misco 

hh^y ^ ■■/ 9 7.m^ 2 oMfflt;GM^i> nunm 5 
6, 5 7\m-m&.x'hhfz)^y. m^rffi'kt^j:^'^. mm 

m-h h fz^wm)i^ ^zm?)- . mm^ 9 s -y 5 

2 b mMii^b mm\^xh h fz^^myi^ 

fz)iy. mmmQ\iy^^{hbt£hXo\,zmm-fh.. 
m%m 5 8,59 mz-^^^-k muiwt . mm 5 

Oii)Wltge^t;MftS»&^fet. .rtLtcJ;'5T:^#^#ffi 

(n^^%>^-thzbii^x^h,. 

[ 0 0 3 4 ] ^rt^. ^mmjaX.u)mm-Mm^mzw< 

mM'^^w.zwmw^k^'^mfz^-'^j^ym. 

wmrn. )mm'ikmmLfmMwmmb\z-^\^xm. 
0j!L;t5!j\ mm%(n)kmmiz%\ , w.2<7MmwMmf 
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li. j±m7T-, j±i:gfsti. ffim;^h-^. S-m^"^ 

[0 0 3 5] 

t\ y^)~yi^-\-mhm^fj^^mMm.:^-^ ht^Mi. 

m'mmm(7)mim<^^yymmB ^cnx\ mmm<^m 

[ 0 0 3 6 ] t/i. mm2 izwMcomMX'ii. mm 
^f:m)mco4my~xco%n3iz^ni , ffiffiJmfft^ 

- K■C■«I^I$^i:l. J; 0 1 Uz<^X., ^Mmmxim^ii 
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